The features of a baby with lethal perinatal osteogenesis imperfecta (OI II), owing to a frameshift mutation that resulted in the production of a truncated and functionless carboxy terminal propeptideoftheproal(I)chainoftypeIprocoUiagen, were studied. The baby (OI26) was heterozygous for an insertion of a single uridine nucleotide after base pair 4088 of the preproal(I) mRNA of type I procoliagen. Only normal type I coliagen was incorporated into the extraceliular matrix of bone and dermis resulting in a type I coliagen content of about 20% of control tissues. The baby was born at 35 weeks' gestation and died shortly afterwards. He was small and had the radiographical features most like those of OI IIB. The skeleton was poorly ossified. The ribs were discontinuously beaded and the femora were broad with multiple healed fractures of the diaphyses and metaphyses. Other long bones had broad metaphyses with overmodelled diaphyses. The calvarium contained many hundreds ofwormian bones. Histological examination showed grossly deficient endochondral and intramembranous ossification. The bone was of a woven type without evidence of lamellar bone or Haversian systems and the osteoblasts did not mature into osteocytes. The cortex of the femur contained Haversian canals but
tissues, and the other with carboxy terminal propeptide mutations and a severe type I collagen deficiency, but without mutant collagen in the tissues.
Osteogenesis imperfecta (01) is a heterogeneous genetic disorder of the connective tissues. 1 The major phenotypic features include bone fragility, abnormal blueness of the sclerae, dentinogenesis imperfecta, and premature deafness. Patients with OI have been classified into four major groups according to their clinical, radiographical, and inheritance patterns. ' The most severe form, lethal perinatal type II osteogenesis imperfecta (OI II), is the focus of this report.
Biochemical abnormalities of type I procollagen have been found in many patients with 01 and particularly in those with O0 II.2 The mutations involve the COLlAl gene that encodes the proal(I) chains and the COL1A2 gene that encodes the proa2(I) chain of type I procollagen. In OI II, the reported mutations are heterozygous and result in insertions, deletions, or amino acid substitutions in the triple helical domain of the proal(I) chain and less frequently in the same domain of the proa2(I) chain. 8 Cultured dermal fibroblasts from babies with 01 II produce and secrete abnormal type I procollagen, containing one or more mutant chains, and normal type I procollagen.9 Characteristically, the mutant molecules contain abnormally high levels of hydroxylated lysine residues and are poorly secreted and easily degraded, but some of them are incorporated, with normal molecules, into the extracellular matrix of tissues. ' T he calvarium consisted of many hundreds of wormian bones, but the occiput, base of skull, and orbits were better ossified ( fig 2) . The maxilla and mandible were hypoplastic and poorly ossified.
The vertebrae were well formed with minimal, if any, platyspondyly ( fig 3) . The ribs were discontinuously beaded with healing fractures, and the upper ribs were invaginated while the lower ones were flared. Each scapula was of normal shape and showed a transverse fracture of the mid-axillary border.
The bones of the upper limbs had mildly broadened metaphyses with some metaphyseal fractures and almost normal modelling of the diaphyses (fig 4) . The radius, shown in fig 4, was poorly modelled as the diaphysis was widened owing to several malunited fractures.
The pelvic shape was normal ( fig 5) . The femora showed broad metaphyses with healing metaphyseal fractures. The shafts varied in their diameters but were generally broad and distorted from malunited fractures and subperiosteal new bone formation. The tibial metaphyses were also broad and fractured at their narrowest points. The fibulae were also abnormal. PATHOLOGICAL FEATURES Necropsy showed that the viscera were normally formed and the testes were in the posterior abdominal wall. The skin was soft and thin. The calvarium Figure 4 The humerus ulna, and metacarpals are wellformed.
The proximal humeral and distal ulnar metaphyses are mildly broadened and are fractured. The radius is broad and deformed owing to multiplefractures.
consisted of a membrane containing tiny flakes of calcified tissue corresponding to the wormian bones. This membrane consisted of thickened dura that was fused with the galea aponeurotica. The base of the skull was better formed and ossified. The ribs showed Figure 5 Radiograph ofthe pelvis and legs. The femora are broad with multiple healing fractures. The Histological examination of a costochondral junction showed that the cartilaginous part of the growth plate was normal. However, ossification was grossly deficient. The osteoid seams along the cartilaginous trabecula were extremely thin ( fig 6) . Cartilage cores persisted in trabecula found throughout the full length of the diaphysis. All the bone was of a woven type without evidence of lamellar bone or Haversian systems. In addition, the osteoblasts maintained their plump and immature features without evidence of maturation to osteocytes. Healing i ;. The histological appearance of the femur was similar to that of the rib. However, the cortex consisted of woven bone surrounding entombed islands of cartilage giving an unusual mosaic appearance similar to that seen in osteopetrosis (fig 7) . Poorly formed Haversian canals were present with a central blood vessel and a mantle of very pale staining, loose collagen fibres. As in the rib, fractures contained excessive amounts of cartilage and fibrous tissue and little osteoid. The vertebral bodies also showed similar appearances to the femur and rib.
Sections through the calvarium showed that it consisted of a membrane, presumably fused galea aponeurotica and dura mater, containing small, isolated islands of ossification (fig 8) . The bone was of a woven type but the ossification centres did not contain cartilage. The dermis from case OI26 was about half the thickness of dermis from a matched control sample ( fig 9) . The papillary and reticular layers of the dermis of OI26 were indistinguishable from each other. The collagen fibres were slender and the fibroblasts were numerous but appeared normal. The amount of elastin appeared to be reduced.
The connective tissue of the pancreas, skeletal muscle, and epicardium stained poorly. The collagen fibres were fine and widely spaced. Sections of lung showed very thin and delicate alveolar septa, even though the lung tissue was atelectatic, suggesting that the amount of collagen was reduced.
The eye and aorta were also studied. The globe was of normal size. The scleral thickness varied from 200 to 400 [t and its collagen was loosely woven. The internal structure of the eye was normal although the lens detached very easily during processing, suggesting possible fragility of its supporting tissues. The media --4 . 9 A~~~~~~~~~~B Figure 9 The skin from (A) control and (B) OI26. Previous studies also showed that the skin contained only about 14% of the normal amount of type I collagen and 21% of the normal amount of type III collagen, although there did not appear to be any primary abnormality in type III collagen.'0 These deficiencies account for the thinness of the skin. However, the mechanism leading to the reduction of type III collagen was not determined. As 21 This mutation resulted in an abnormal proa2(I) carboxy terminal propeptide in which the sequence of the last 33 amino acids was incorrect. The mutant proa2(I) chains were unable to associate with the normal proal(I) chains and were degraded, but the remaining normal proa I(I) chains could form trimeric al(I) molecules. These trimers were able to compensate, to some extent, for the total deficiency of type I collagen in this child. The heterozygous parents had radiographical evidence of osteoporosis.22 In contrast, the heterozygous mutation in 0126 resulted in the loss of about half of the normal proal(I) chains, and the excess normal proa2(I) chains were not able to form proa2(I) trimers as such molecules are unstable at body temperature.
Studies of further babies with 01 and transgenic mice with reduced amounts of normal type I collagen in the tissues should provide additional insights into the phenotypic expression of varying severities of type I collagen deficiency. 
